G rains were first domesticated for regular consumption in the human diet only about 10 000 years ago in Mesopotamia, and about 3000 years later in central Europe. In the second century AD, Aretaeus of Cappadocia described an "abdominal" (koiliakos) disease that was apparently related to nutrition, but S. J. Gee (London, 1888) is considered to be the first describer of what we now know as celiac disease. This disease was much feared in the early decades of the 20 th century because of its high mortality, which ran as high as 30% (e1) .
The pediatrician K. W. Dicke of Utrecht and the Hague, in the early 1930s, was the first to link celiac disease to wheat consumption (e2) . He witnessed the confirmation of his hypothesis when his patients' symptoms improved during the grain shortages prevailing toward the end of the Second World War.
In the early 1950s, Dicke, Weyers and van de Kamer characterized gluten (the storage proteins of wheat) as the precipitating factor of the manifestations of celiac disease (e2) .
The morphological correlate of celiac disease-villous atrophy with crypt hyperplasia-was studied in detail by Paulley (Ipswich, 1954) and by Shiner (London, 1956 ). Anti-gliadin antibodies were discovered by Berger (Basel, 1958) , anti-endomysium antibodies by Chorzelski (Warsaw, 1983) . A further milestone was the discovery of the autoantigen of celiac disease, tissue transglutaminase (TG2) (1) .
Even though precise and rational diagnostic evaluation is now possible, celiac disease remains an underdiagnosed condition, probably because of its broad clinical spectrum and the underuse of serologic screening (2, 3) .
The typical latency from the onset of symptoms to diagnosis is now about four years (e3) . This is all the more regrettable because very effective treatment is available that can prevent further manifestations, i.e., a gluten-free diet.
This article is based on the evidence-based guidelines issued in recent years by the Agency for Healthcare Research and Quality (AHRQ, 2004) , the American Gastroenterological Association (AGA, 2006) , the North American Society for Pediatric Gastroenterology, Hepatology, and Nutrition (NSPGHAN, 2005) , the National Institute for Health and Clinical Excellence (NICE, 2009) , and the European Society of Paediatric Gastroenterology, Hepatology, and Nutrition (ESPGHAN, 2012) (3) (4) (5) (6) (7) , and on further pertinent publications of the last 10 years that were retrieved by a selective search in the PubMed database. The search term was "celiac disease," with the inclusion criteria "diagnosis," "therapy," "epidemiology," "pathogenesis," and "guideline."
Learning objectives
This article should enable the reader to:
• acquire a better understanding of the etiology and pathogenesis of this systemic disease,
• recognize the heterogeneous manifestations of celiac disease early on in its course, perform a rational basic diagnostic evaluation, and then order the necessary confirmatory tests,
• assess the indications, therapeutic potential, and limitations of a gluten-free diet, and
• know the spectrum of complications of celiac disease and how they can be prevented.
Definition
Celiac disease (synonym: endemic sprue) is a common autoimmune inflammatory disease of the small bowel that can also have systemic manifestations. It is precipitated by the consumption of foods that contain gluten, including wheat, barley, rye, and spelt. In HLA-DQ2/8 positive patients, the diagnosis is confirmed by the demonstration of serum autoantibodies against endomysium (EMA) or tissue transglutaminase (TG2); a characteristic histological picture in the duodenum (inflammatory infiltrate, crypt hyperplasia, villous atrophy); and remission of the clinical and serologic findings on a gluten-free diet. Celiac disease can present in the classic way-with severe diarrhea and malabsorption-or else (more commonly) with lesser or atypical manifestations; the clinical picture of celiac disease can also be dominated by the other autoimmune conditions that are associated with it (5, 8) .
Pathogenesis
Celiac disease is one of the better characterized diseases of the immune system. The affected patients all have the following:
• a genetic predisposition (either HLA-DQ2 or HLA-DQ8);
• a well-defined precipitating factor (gluten);
• highly sensitive and specific autoantibodies against the naturally occurring human enzyme, tissue transglutaminase (TG2). TG2 is an autoantigen that plays a central role in the pathogenesis of celiac disease: it potentiates the immunogenicity of the immunogenic gluten peptides through a chemical reaction in the small bowel (deamidation).
Gluten, the alcohol-soluble fraction of wheat protein, is consumed in large quantities (10-20 g per day) as part of the normal food intake. Some gluten peptides are not degraded by gastrointestinal enzymes (e4), but rather taken up across the epithelium of the small-bowel mucosa (9) . There, they are presented on the antigen-presenting cells of persons with the HLA types HLA-DQ2 or HLA-DQ8 (about 90% and 10% of persons with celiac disease, respectively) and thereby stimulate gluten-specific T cells ( Figure 1 ).
As part of this process, a neutral glutamine residue is deamidated through the activity of the enzyme and autoantigen TG2 to produce an acidic glutamic acid residue, thereby promoting the binding of gluten peptides to HLA-DQ2 or HLA-DQ8 and potentiating the inflammatory T-cell reaction (8) . The activated T cells in the lamina propria and within the epithelium are cytotoxic, with effects including apoptosis of enterocytes, atrophic remodeling of the mucosa, and malabsorption.
Recently, amylase-trypsin inhibitors (ATI), which are resistance proteins found in wheat, rye, and barley, have been shown to activate the innate immune system in patients with celiac disease and in persons with non-celiac wheat intolerance (10) .
Considering that 30% to 40% of the overall population carries either HLA-DQ2 or -DQ8, and that many other genetic predispositions have been identified in recent years that play a smaller role (about 3-4% overall, versus about 50% for HLA-DQ2/8), other influences are now thought to be potential precipitating factors for celiac disease, including early and massive gluten exposure, bowel infections, and drugs (8) .
Genetics
Only persons with the genotype HLA-DQ2 or HLA-DQ8 can develop celiac disease.
Autoantigen
The autoantigen of celiac disease is tissue transglutaminase (TG2).
Epidemiology
The prevalence of celiac disease could not be estimated with any degree of accuracy until serologic tests for IgA-EMA and IgA-anti-TG2 became available, together with subsequent confirmation of the suspected diagnosis by endoscopic biopsy of the small bowel in antibody-positive subjects. The two serologic tests are highly sensitive (96.1% and 93.1%, respectively) and highly specific (97.4% and 96.3%) (7, e5) . Studies have now revealed a prevalence of 0.5% to 1.0% among Americans and Europeans, as well as in the populations of Australia, North Africa, the Middle East, India, and probably also northern China (depending on the prevalence of HLA-DQ2 and HLA-DQ8 (11) . In some populations, including in Finland and Mexico and among the Sahrawi children of North Africa, the prevalence lies between 2% and 5% (11, 12) . Celiac disease can manifest itself clinically at any age. At present, it is diagnosed in roughly equal measure in adults and children; it is now more commonly diagnosed in school-age than in preschool children (11, e6-e7) .
Age of onset
Celiac disease can manifest itself clinically at any age. At present, it is diagnosed in roughly equal measure in adults and children; it is now more commonly diagnosed in school-age than in preschool children.
Epidemiology
There have been only a few good epidemiological studies on celiac disease in Germany. In 1995/96, its prevalence (biopsy-confirmed) in the Dresden area was estimated to be at least 0.2% based on the screening of 3004 schoolchildren. There have been only a few good epidemiological studies on celiac disease in Germany. In 1995/96, the prevalence of biopsy-confirmed celiac disease in the Dresden area was estimated to be at least 0.2%, based on the screening of 3004 schoolchildren (13) . In the Augsburg and Ulm areas, studies of cohorts of 9201 and 2157 adults (the KORA/MONICA and EMIL studies, respectively) yielded prevalence figures of 0.3% and 0.4% (2, e8) . Unpublished data of the German Health Interview and Examination Survey for Children and Adolescents (KiGGS) on 17 000 children and adolescents studied from 2003 to 2006 indicate that seroprevalence is higher than this (Robert Koch Institute, personal communication).
It is not known why celiac disease is less common in Germany than elsewhere in Europe. Possible reasons include differences in nutrition (higher rate and longer duration of breastfeeding, lower intake of gluten in early childhood) or else the prevalence of infections (the hygiene hypothesis) (14, 15) .
Clinical features
It has become rare for celiac disease to present in adults or in children with its classic manifestations-severe diarrhea and consequent weight loss with failure to thrive due to severe intestinal malabsorption (e9) (eTable). More than half of all diagnosed cases are oligosymptomatic or clinically atypical, associated (for example) with anemia, osteoporosis, musculoskeletal and neurological disorders, endocrinopathies, or skin diseases (e3, e12). Asymptomatic and oligosymptomatic forms with or without the typical pathological findings of celiac disease in the small-bowel mucosa, also called latent or potential celiac disease (7, e13) , are mainly detected serologically by screening tests (16) . Untreated celiac disease can worsen and is associated over the long term with a higher risk of gastrointestinal cancer, including intestinal T-cell lymphoma, which is a very rare disease in general (e14).
The extraintestinal manifestations of celiac disease may dominate the clinical picture, overshadowing the intestinal ones; if the correct diagnosis is made early, they often improve when the patient is put on a gluten-free diet (GFD). These manifestations may include (among others) hepatopathy, Duhring's dermatitis herpetiformis, IgA nephropathy, temporal-lobe epilepsy, cerebellar ataxia, peripheral neuropathy, pulmonary hemosiderosis, or nonspecific problems such as joint pain, exhaustion, headache, mood swings (depression), and constipation (Box 1).
Extraintestinal organ involvement
Alongside the characteristic gastrointestinal manifestations, patients with celiac disease also often have extraintestinal organ involvement and other autoimmune conditions.
Complications
If the patient does not adhere to a gluten-free diet, both malabsorption and extraintestinal complications may develop.
BOX 1
Screening of persons at risk for celiac disease*
• Asymptomatic/atypical manifestations -first-degree relatives 10 -20% -Down syndrome 5 -12% -Ullrich-Turner syndrome 2 -5% -Williams-Beuren syndrome 9% -selective IgA deficiency 2 -8% -autoimmune thyroiditis 3 -7% -autoimmune hepatitis (children)
12 -13% -type 1 diabetes 2 -12% -juvenile chronic arthritis 1.5 -2.5%
• Oligosymptomatic manifestations -failure to thrive -weight loss -short stature / growth retardation -delayed puberty (amenorrhea) -iron-deficiency anemia -anorexia -dyspeptic symptoms (nausea/vomiting) -chronic, recurrent abdominal pain (bloating) -chronic constipation -chronic fatigue/diminished performance -recurrent aphthous sores -chronic/intermittent diarrhea -difficulty concentrating -depressed mood -chronic headache -elevated transaminases -tooth-enamel defects -osteoporosis/osteopenia
Because of the high prevalence of celiac disease in persons with these conditions (in percent), such persons should be screened for celiac disease (testing for TG2 antibodies ideally including HLA-DQ2/8) even if they manifest none of its characteristic symptoms and signs.
Oligosymptomatic patients, i.e., those who manifest only a few of the symptoms and signs of celiac disease, should undergo serologic testing for it if their problems are not adequately explained by an alternative diagnosis.
*modified from (7, e15) Associated autoimmunity
A large-scale Italian study of patients with celiac disease revealed that 30% also suffered from autoimmune diseases such as type 1 diabetes, autoimmune thyroiditis (Hashimoto's disease, Graves' disease), and autoimmune hepatitis. Celiac disease thus constitutes an indication for further autoimmune diagnostic testing (17) . This is because celiac disease shares a common primary genetic predisposition with other autoimmune diseases (HLA-DQ2 or HLA-DQ8, which are associated with HLA-DR3 and HLA-DR4) (18) .
Complications / refractory celiac disease
Classic celiac disease has a very broad spectrum of complications (Box 2). If the patient does not adhere to a gluten-free diet, both malabsorption and extraintestinal complications may develop. In rare cases, celiac disease in older patients fails to respond to a gluten-free diet, or else the symptoms and mucosal lesions reappear despite such a diet. While this may be due to inadequate adherence to the diet or to unintentional gluten intake, the differential diagnosis also includes rarer types of atrophic or inflammatory bowel disease. About one-third of all cases of this type are attributable to refractory celiac disease with villous atrophy (19) . This condition, in turn, is subdivided into two types. In type 1, the phenotype of intraepithelial lymphocytes is normal, and treatment with mild immune suppressants (steroids, azathioprine) often helps. In type 2, on the other hand, biopsy reveals the incipient proliferation of atypical monoclonal intraepithelial lymphocytes, and the treatment is more difficult. In three to five years, about half of these patients develop an overt intestinal T-cell lymphoma, a disease with a very poor prognosis: survival times range from a few months to a few years (8, 20, 21) .
Serologic diagnosis
Serologic antibody tests are indicated for all persons in whom celiac disease is (even remotely) suspected, and for all persons known to be at risk for the disease (22) . Patients should should eat gluten containing food for at least a few days or weeks before a serologic antibody test (as before a small-bowel biopsy), because serum antibodies have a half-life of 30 to 60 days. All tests have a negative predictive value near 100%, i.e., normal values practically rule out active celiac disease (with classic histology and under the condition of normal gluten intake). Antibodies against native gliadin have a low positive predictive value-in the range of 18% to 31%, assuming a prevalence of 5% in persons at risk (22) ; on the other hand, under the same assumption, the average positive predictive values of anti-endomysium autoantibodies (EMA) and of IgA anti-TG2 andtibodies are 83% and 72%, respectively (22) . A TG2-ELISA can be performed in standardized fashion in any clinical laboratory, and TG2 is the main EMA autoantigen; therefore, TG2-ELISA is recommended as the primary serological screening test for celiac disease. The total IgA level should be measured before the test, because more than 2% of patients with celiac disease have a selective IgA deficiency, so that IgA autoantibody tests may be negative even in the face of active disease. If IgA deficiency is found, a test for IgG autoantibodies against deamidated gliadin peptides (IgG anti-DGP) is recommended; these peptides are formed in the small-bowel mucosa only in celiac disease, as the result of deamidation through the activity of TG2. The IgG anti-DGP test has an acceptable, but somewhat lower positive predictive value for the diagnosis of celiac disease (less than 70%) (22) .
Occasionally, celiac-disease-specific antibodies are transiently detectable in genetically predisposed persons (23) ; moreover, in infants up to 24 months of age, the sensitivity of IgA antibodies against endomysium, TG2
Serologic diagnosis Serologic evaluation preferably involves testing for IgA antibodies against TG2 (in some cases, also for antibodies against endomysium and deamidated gliadin peptides).
Antibody detection in stool and saliva Antibody measurement in stool or saliva is of no value in the diagnostic evaluation of celiac disease, and testing for antibody against native (non-deamidated) gliadin is not advised.
BOX 2
The spectrum of complications of classic celiac disease
• acute global/selective malabsorption (anemia and other consequences) • somatic and psychosocial retardation • impairment of quality of life • infertility, miscarriage, preterm birth, low birth weight (32) • osteoporosis (37) • extraintestinal manifestations, e.g., neurological (cerebellar ataxia, peripheral neuropathy), renal (IgA nephropathy), pulmonary (pulmonary hemosiderosis)
• autoimmune diseases (type 1 diabetes, autoimmune thyroiditis) (17) • cancer, particularly enteropathy-associated T-cell lymphoma (EATL) (38) • increased mortality (39, 40) and deamidated gliadin peptides is lower (24, e16) . Antibody measurement in stool or saliva is of no value in the diagnostic evaluation of celiac disease. Testing for antibody against native (non-deamidated) gliadin is not advised either (7) . There are now rapid tests for TG2 autoantibodies that resemble pregnancy tests and are cleverly marketed by being placed on store shelves next to glutenfree foods; these tests are much less accurate than laboratory tests. In the absence of confirmation of the results, interpretation by a medical specialist, and appropriate counseling, these tests generate more uncertainty than clarity and confer the risk of over-or undertreatment.
Histology
Endoscopy usually reveals grossly visible abnormalities in the proximal portion of the small intestine (scalloping of duodenal folds, mosaic mucosal pattern, and mucosal atrophy). The diagnosis is confirmed by histologic evaluation according to the Marsh classification (e17), with at least four biopsies taken from the four quadrants of the descending duodenum and, preferably, one or two more from the duodenal bulb. The mucosal lesions often display a mosaic pattern ("patchy lesions"), rather than covering the entire mucosal surface. In most cases, a characteristic Marsh III lesion is present, with stages Marsh III a-c (partial to total loss of villi) (25) . The diagnosis of celiac disease is also considered to be confirmed if crypt hyperplasia is seen with at least 25 intraepithelial lymphocytes per 100 enterocytes in the absence of villous atrophy (a Marsh II lesion), as long as autoantibodies have been detected. A Marsh I lesion, i.e., isolated proliferation of intraepithelial lymphocytes with at least 25 per 100 epithelial cells, is a nonspecific finding with a positive predictive value of only about 15% (Figure 2 ) (25, 26) . The value of immunohistochemical methods (mucosal IgA-TG2 deposition) is still debated.
It is important to note that the duodenal biopsy should be performed at roughly the same time as serologic testing for celiac disease, while the patient is symptomatic, and that a gluten-free diet should not be initiated until after the biopsy. Normal mucosal histology rules out celiac disease, but Marsh II lesions cannot be detected by gross inspection; as celiac disease is a common condition, it follows that biopsies should always be taken whenever a gastroduodenoscopy is performed. The tissue samples should be tangentially embedded for
The small intestinal mucosa of untreated persons with celiac disease usually displays villous atrophy (Marsh III), or, less commonly, isolated crypt hyperplasia (Marsh II), together with intraepithelial lymphocytic proliferation.
Timing of biopsy
The duodenal biopsy should be performed at roughly the same time as serologic testing for celiac disease, while the patient is symptomatic, and a gluten-free diet should not be initiated until after the biopsy. The mucosal lesions of celiac disease (Marsh-Oberhuber classification): the histologic changes of the intestinal mucosa consist of lympho cytic proliferation in the epithelium and the lamina propria, crypt hyperplasia, and lower height of the villi. A type 2 or type 3 lesion is required for the diagnosis of celiac disease. Modified from (e16) histological processing and then precisely evaluated with the Marsh criteria (regrettably, this is often not done).
Patients who go into clinical and serological remission on a gluten-free diet do not need to have their histological remission documented by a further endoscopic procedure. In complex cases, e.g., in refractory celiac disease, capsule endoscopy can provide further valuable information about atypical or distal small-bowel involvement.
Guideline recommendations of the ESPGHAN
In 2012, the European Society of Paediatric Gastroenterology, Hepatology, and Nutrition (ESPGHAN) issued a third version of its diagnostic guidelines for celiac disease in children and adolescents (7, e18) . Some of the main points of this guideline will be discussed briefly in the following paragraphs. New guidelines for both children and adults are due to be issued soon by the German Society for Digestive and Metabolic Diseases (DGVS) and the Society for Pediatric Gastroenterology and Nutrition (GPGE).
Non-invasive diagnostic evaluation
The new ESPGHAN guidelines include the following molecular-genetic diagnostic parameters (under the applicable restrictions of the German Law on Genetic Diagnosis [Gendiagnostikgesetz]):
• HLA-DQ2 heterodimer in cis configuration (HLA-DR3-DQA1*0501-DQB1*0201) or in trans configuration (HLA-DR5-DQA1*0505-DQB1*0301 and DR7-DQA1* 0201-DQB1* 0202) and
• HLA-DQ8 heterodimer (HLA-DR4-DQA1*0301-DQB1*0302). These new diagnostic parameters can be used to rule out celiac disease practically definitively if they are negative. If positive, the diagnosis of celiac disease can be confirmed without a biopsy if all of the following conditions are met:
• classic gastrointestinal manifestation of the disease, • tenfold elevation of the TG2-IgA titer above the cut off value, This diagnostic recommendation is based on the finding that high TG2-IgA titers predict villous atrophy (27) . As celiac disease is often clinically silent or oligosymptomatic, this constellation will only be found in a very small percentage of persons with the disease.
The screening of persons at risk
This category includes asymptomatic persons at risk who have an underlying genetic or autoimmune disease, as well as persons with an oligosymptomatic clinical picture suggestive of celiac disease (Box 1). Persons who test positive for HLA-DQ2/8 should undergo TG2-IgA testing every two or three years. If a diagnosis of celiac disease is made, genetic counseling and testing of first-degree relatives for the HLA-DQ2/8 genotype or for anti-TG2 antibodies is recommended.
Gluten challenge
For children who receive the diagnosis of celiac disease before their second birthday, a gluten challenge is not needed until age 5 (or later) if the diagnostic evaluation has revealed a Marsh II or III lesion in conjunction with positive HLA-DQ2/8 status, and a high TG2-IgA titer and EMA. A gluten challenge under medical supervision is indicated if the patient doubts the diagnosis or if the diagnostic criteria are not unequivocally met. A gluten challenge is a highly informative method of identifying previously unrecognized (misdiagnosed) or latent celiac disease. Before it is carried out, HLA typing and up-to-date duodenal histological findings should be available. A gluten challenge is performed by putting the patient on a normal diet (the equivalent of three to five slices of bread per day) or else in blinded fashion with gluten powder. Depending on the age of the patient, a daily quantity of at least 10-18 g of gluten should be administered. Serologic testing and duodenal biopsy are performed if symptoms arise during the gluten challenge, or (at most) six months later and then 24 months after the start of the challenge (7, 28) .
Differential diagnosis
The differential diagnosis includes infectious (parasitic) and chronic inflammatory bowel diseases (Crohn's disease, autoimmune enteropathy), irritable bowel syndrome, and food allergies. Other possibilities, particularly in infants and preschool children, include rare diarrheal diseases, some of which are congenital (among them disaccharide deficiency, e.g., lactose intolerance, fructose malabsorption, immune defects).
Genetic diseases
Some genetic diseases (in particular, Down syndrome and Turner syndrome) are associated with celiac disease.
Regular follow-up for persons at elevated risk
Persons at elevated risk of developing celiac disease (including first-degree relatives of patients) should undergo regular serologic testing if they are HLA-DQ2/8 positive.
The differential-diagnostic evaluation should be carried out with targeted laboratory studies and endoscopy and imaging tests if necessary, rationally planned on the basis of the nutritional history, the patient's weight graph, and the clinical findings (Figure 3) . In adolescents and adults, the differential diagnosis focuses on non-celiac wheat sensitivity, gluten allergy, histamine intolerance, and intolerance of fermentable oligo-, di-, and monosaccharides and polyols (FODMAP) (Table) .
Treatment
Celiac disease is treated with a strict gluten-free diet (GFD) for life, including abstention from wheat, rye, barley, spelt, kamut, emmer wheat, einkorn wheat, green spelt, and all ready-made products manufactured from the above, such as noodles. Adherence is a difficult matter for most patients, as traces of gluten are found in nearly all refined foods, and a strict GFD inevitably restricts the patient's social activities. When a GFD is initiated, the patient should have professional dietary counseling and should be put in touch with the local celiac disease society. Gluten-free foods are becoming increasingly available, and restaurants now more commonly put gluten-free meals on the menu. The Codex Alimentarius (www.wheat-free.org/celiac-dis ease-codex-alimentarius.html) has lowered the target value for gluten-free foods from 200 to 20 ppm. This implies, if the average daily gluten intake is 10-20 g in 120-250 g of wheat flour, that less than 10 mg of gluten should be ingested daily (a quantity that is considered
Reliably effective treatment A gluten-free diet is a safe and reliably effective treatment for celiac disease. Lifelong strict adherence to the diet is necessary.
Prevention of long-term complications
A gluten-free diet can prevent long-term complications (osteoporosis, anemia, cancer) and may prevent certain extraintestinal manifestations of the disease. Decision flowchart for the diagnostic evaluation of celiac disease (modified from 22): the diagnostic features that are confirmatory of celiac disease are shown in red, while those that rule it out are shown in brown. In latent celiac disease, it is important to demonstrate HLA-DQ2/8 positivity and to confirm or exclude the diagnosis both serologically and histologically while the patient continues to consume gluten (dotted arrows). The ESPGHAN criteria enabling the diagnosis of celiac disease without duodenal biopsy in children and adolescents are shown in light blue. Note: in rare cases (e.g., IgA deficiency), the typical antibodies or HLA-DQ2/8 may not be detectable in a patient with celiac disease. It follows that, whenever the clinical manifestations put celiac disease in the differential diagnosis, biopsy is indicated. EMA, anti-endomysium antibodies; GI, gastrointestinal tract safe). 70% of patients with classic symptoms have improved symptoms within two weeks of the initiation of a strict gluten-free diet. The serologic features of celiac disease normalize in three to twelve months; intestinal inflammation takes somewhat longer to regress (8) . Many guidelines no longer exclude pure oats (i.e., oats that are not contaminated by gluten) from the GFD, recommending instead that tolerance to oats should be tested under medical supervision, as most patients are tolerant (29, e19) . A gluten-free diet has been shown to protect against all complications of the classic form of celiac disease, including Duhring's dermatitis herpetiformis and osteoporosis. The effect is less clear in other (oligosymptomatic) forms of the disease, but GFD does seem to lessen the severity of mucosal lesions (30) .
The findings of an observational study imply that a gluten-free diet can facilitate glycemic control in patients suffering from both celiac disease and type 1 diabetes (31). Beneficial effects of GFD on infertility due to celiac disease, as well as on complications of pregnancy (preterm birth, low birth weight), have also been described (32) .
Efforts are now underway to develop effective supportive pharmacotherapy for persons on a strict gluten-free diet (8, 33) , because patient adherence with GFD is often unsatisfactory (particularly in oligosymptomatic patients) and some patients react to very small Introduction of gluten to the diet Breastfeeding and the introduction of food that contains gluten before the child is weaned have a protective effect against celiac disease.
Differential diagnosis
Celiac disease must be differentiated from other inflammatory bowel diseases, congenital diarrheal diseases, other types of food intolerances, and irritable bowel syndrome. 
Prevention
The protective effect of breastfeeding is well known (e20). Additional protection seems to be derived from the administration of small amounts of gluten during the breastfeeding period, preferably between the ages of four and six months (34, 35, e21) ; this hypothesis is now being studied in a prospective clinical trial in multiple European countries. It remains unclear whether the development of, for example, type 1 diabetes in predisposed families can be prevented by cautious gluten administration. A small trial ccarried out on 150 children at risk did not reveal any significant effect (36) .
Overview
Celiac disease is a common autoimmune condition with mainly intestinal, but also extra-intestinal manifestations. Excellent opportunities for accurate diagnosis now exist, above all because of a rapidly improving understanding of the pathogenesis of this disease (autoantibodies against TG2 and HLA-DQ2/8, duodenal histology as classified by Marsh). Thus, even though the clinical spectrum of celiac disease is very broad, an alert clinician can diagnose it early in its course and initiate a glutenfree diet, which usually exerts a protective effect against complications of malabsorption and extraintestinal involvement.
Further protective approaches and experimental treatments are now being clinically tested. Persons at elevated risk of developing celiac disease should be screened for it.
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Future perspectives
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